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Summary. Thin layer chromatographical detection of tyrosine (Tyr) synthe-
sized from L-[U-"“C]phenylalanine (Phe) (1mM) by rumen bacteria (B) and
protozoa (P) collected from fistulated Japanese Goat was carried out. About
16 and 12% of the added Phe was converted to Tyr by B and P, respectively.
Large amount of radioactivity in ether fractions indicated an abundant
production of aromatic acids from Phe. Small amount of radioactivity found
in CO, fractions implied an occurrence of considerable decarboxylation
reaction(s) by rumen bacteria and protozoa.
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Introduction

Using the newly developed high-performance liquid chromatography
(HPLC) method (Khan et al., 1998), it was reported for the first time that Tyr
can be synthesized from Phe by both rumen bacteria and protozoa (Khan et
al., 1999). However, many researchers did not find any Tyr after incubation
of [U-“C]Phe (Scott et al., 1964; Patton and Kesler, 1967) or its precursor
[1-*C]phenylacetic acid (PAA) (Allison, 1965) with rumen microorganisms.
Kristensen (1974), on the other hand, reported that mixed rumen bacteria
could produce small amount of Tyr from PAA. Amin and Onodera (1997a;
1997b) observed that an unknown compound of same retention time of
Tyr and p-hydroxyphenylacetic acid (HPA) by HPLC (Amin et al., 1995)
increased after the degradation of Phe, PAA, and also phenylpyruvic acid
(PPY) by mixed rumen bacteria and protozoa, although they could not iden-
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tify the unknown compound due to the limitation of the HPLC method. Thus,
the results so far reported on the formation of Tyr from Phe by rumen
microorganisms are very much contradictory. In order to confirm our previ-
ous result (Khan et al., 1999) and to solve the above contradictions, the
present study was conducted using L-[U-*C]Phe by thin layer chromatogra-
phy (TLC).

Materials and methods

Suspensions (4ml) of mixed rumen bacteria (B) and protozoa (P) prepared from goat
rumen contents as described previously (Khan et al., 1999) were transferred into the
main chamber of the Warburg flask contained 10uCi (0.2ml) of L-[U-“C]Phe (Sp. Act.
460mCimmol-!, Nycomed Amersham, Buckinghamshire HP7 9NA, England) with 0.3 ml
of L-Phe and 0.5ml of L-Tyr so that the final concentrations of Phe and Tyr were 1 and
2mM, respectively; cold Tyr was added to minimize the degradation of L-[U-“C]Tyr. To
trap CO,, 0.7ml of 20% KOH was placed in the center well. Both suspensions were
incubated at 39°C for 6h, mixed with 1ml of SN H,SO, and centrifuged at 27,000 X g
for 30min at 20°C. Supernatant fluid was washed with ether to separate ether-soluble
fraction. The precipitates were hydrolyzed with 6M HCI (6 ml) at 110°C for 20h accord-
ing to the previous method (Khan et al., 1999). Water-soluble fraction and hydrolyzate
were desalted by percolation through Amberlite CG-120 (H form) resin and amino acids
were eluted with 2N NH,OH. Aliquotes from CO, fraction, ether-soluble fraction,
water-soluble fraction and hydrolyzate were taken into scintillation vial for counting
radioactivity.

Thin layer chromatography (TLC) of the water-soluble fractions and the hydrolyzates
was carried out by using (1) n-BuOH: AcOH:H,O (4:1:1) and (2) Phenol:H,O (4:1) as
solvents for two dimensions according to the method of Rockland and Underwood
(1967). Amino acids were primarily located through the reaction with ninhydrin spray
and the spots for Phe and Tyr were identified by the comparison of their Rf values with
those of the respective standard ones. Radioactivity of all the spots present on the
chromatograms were examined and measured by a computer with radio-analytic imaging
system (Hewlett Packard Vecta, California). Autoradiographs were prepared by expos-
ing the chromatograms (TLC) to X-ray film.

Results and discussion
Degradation of Phe and distribution of radioactivity in each fraction

The degradation rates of Phe in B and P suspensions were 50 and 34 %,
respectively, after 6h incubation. These were in accordance with the results
reported by Amin and Onodera (1997a), but lower than that reported by
Khan et al., (1999). The differences may be due to the microbial number and
the species included in suspensions (Scheifinger et al., 1976). Large amounts
of radioactivity (29 and 18% in B and P, respectively) were found in the ether
fractions, indicating an abundant production of aromatic acids by the de-
gradation of Phe. It has been reported that Phe was degraded by rumen
bacteria and protozoa to produce mainly PAA and considerable amounts of
phenylpropionic acid (PPA), benzoic acid, and HPA (Scott et al., 1964; Patton
and Kesler, 1967; Amin and Onodera, 1997a; Khan et al., 1999). In the CO,
fractions, 9 and 5% of the total radioactivity were found in B and P, respec-
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—— Phenol:H>O (4:1)

—P BuOH:AcOH:H,O (4:1:1)

Fig. 1. Autoradiographs of TLC of amino acids contained in the water-soluble fractions
(A, B) and hydrolyzates (C, D) of rumen bacterial suspensions before (A, C) and after 6h
incubation (B, D) with L-[U-#C]phenyalanine. Circles, arrows & arrow heads are indicat-
ing starting points on TLC, spots of radioactive phenylalanine and tyrosine, respectively

tively. The distribution of radioactivity in the CO, fraction implies a consider-
able amounts of decarboxylation of Phe and its metabolites occurred during
the period. The water-soluble fractions of B and P contained 27 and 60%
of the total radioactivity, respectively, being mainly undegraded Phe and the
produced Tyr (Figs. 1B and 2B). Comparatively a larger amount of radioactiv-
ity was observed in P than that in B, because the degradation rate of Phe in P
is lower than that in B (Amin and Onodera, 1997a; Khan et al., 1999). More-
over, protozoa liberate endogenous amino acids into the medium from their
cell protein during incubation (Onodera and Kandatsu, 1970). About 28 and
8% of the added radioactivity were found in the hydrolyzates of B and P, and
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most of the radioactivity were detected in Phe and Tyr (Figs. 1D and 2D). A
large amount of radioactivity was observed in B because of much incorpora-
tion of radioactive Phe and Tyr (Fig. 1D) into the bacterial cells (Broderick
et al., 1991; Armstead and Ling, 1993; Ling and Armstead, 1995).

Production of Tyr from Phe

Autoradiographs of TLC of the water-soluble fractions and hydrolyzates of B
and P showed a clear radioactive new spot other than a Phe spot (Figs. 1B, 1D,
2B and 2D) after 6h incubation, while only Phe was observed before incuba-
tion (Figs. 1A, 1C, 2A and 2C). The new spot was identified as Tyr from the

——9 Phenol:H>O (4:1)

— » BuOH:AcOH:H>O (4:1:1)

Fig. 2. Autoradiographs of TLC of amino acids of rumen protozoal suspensions. Other
indications see Fig. 1
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Rf value. In the water-soluble fractions about 5 and 10%, in hydrolyzates
about 11 and 2%, and thus totally about 16 and 12% of the added Phe was
converted to Tyr during a 6-h incubation of B and P, respectively.

Although there have been contradictory results among researchers (see
Introduction) this study confirms that both rumen bacteria and protozoa can
produce Tyr from Phe in an anaerobic condition, because radioactive Tyr was
found on the chromatograms of water-soluble fractions and hydrolyzates of B
and P suspensions after 6 h incubation of L-[U-“C]Phe.
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